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Debugging Environment Via USB-JTAG Interface for EISC Embedded
System
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ABSTRACT

Most of software developers use the GNU Debugger (GDB) in order to debug code execution. The GDB supports a remote debugging
environment through serial communication. However, in embedded systems, the speed is limited in the serial communication. Due to this
reason, the serial communication is rarely used for the debugging purpose. To solve this problem, many embedded systems adapt the
JTAG and the USB interface. This paper proposes debugging environment via USB-JTAG interface to debug the EISC processor, and
introduces how the USB interface works on the GDB and how the JTAG module handles debugging packets.

Keywords : USB-JTAG, GDB, EISC architecture
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(298 1) USB-JTAG Sl #Ho]| A2 o] &3 AA tH
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g MES WA P2 Wwdste] JTAG 282 USB
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wo w715 ®A5ke] TDI(Test Data Input) SiH o2
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3. USB-JTAG Interface

o] ZoxE GDBoIA USB tulo]2E A}&317] ¢4
F2% USB <lEH o]~ Fd3} EISC Z2AA4 9] JTAG
TDI/TDOIAS A™sla, GDB W#ol & JTAG ZE9
TDI 7 F+4& As & Zleolt.

3.1 USB Interface [5]

AgAZ e O WEe GDB Held A7 A
2 A7 A, o) A4S Al BAYEL Bel v

<E 1) USB I/0 &=

USB Function Description

OpenDevice USB tjufo] 2~ ARE-S AlZFghT),
Write USBE &3 tolgs d&3ch
Read USBE &3l vlolelE Al
Close USB tulo] ~& F#| 3t}

USB tjufo]2 gho|BeglE 293t} USB tjnfo] 2 glo]
B8 g DLL(Dynamic Link Library)® TF&%o] glom,
USB /O &5 Zgst}y <& 1> USB /O DLLY +
dgxo] A= IFFES AWt gtk

GDB+= EISC =AM 9ke] F41 W& USB-JTAGS =
A4 ¥ USB dHte]2 glolBelg]E =49 3te] OpenDevice
845 F3d USB connections $Hath USB & E3
GDB¢t EISC ZZAA Itel S41& 3 4 SlAl ¥, GDB
o] BE H71& Read/Write¥H & &3l %
of gk AEHN FAlH HFe ARNhs At s
| Z=9gith np 9o R GDB T & Alole FE 3
%383, EISCEZEAA 9] A4S F5dirh

(29 2) USB-JTAG QIH¥o|=& AME-3}7] 919 GDB
ol 789 <49 dRE HolFEr) init_ush_ remote ops T
% GDB 94 T4 WS USBE AAsHs o A3

= 2713} geroltt

ush_remote TZ A= GDBolA 724 oz AFs=ds
B2 FZ2A (remote_ops) 2] 49} USB QlE o] 2~E AlE-
st7] 9% g xFsth USB e #H o] A~E ARESo],
EISC ZZAA 9 T41& AZ43HH ush_remote_open 57}
A Er} usb_remote_open FTE A <F 1>oA AH
¢ USB /O #&+E53 GDBUlCIA A3t 45 d4%
t}. &, USB %<2 OpenDevice= GDBWelA OpenDevice
2, Write ¥4+ WriteUSB, Read= ReadUSB, Close=
CloseUSBZ A}¢-¥th USB /O F5< wrapper 342
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EISC

static void init-usb_remote_ops{void)

usb_remote = remote_ops:

usb_remote. to_shortname "usb-remote”:

usb_remote.to_doc = "Use a remote JTAG wia an USB™:
usb_remote.to_open = usb_remote_open:
usb_remote.to_close = usb_remote_close:

}

static void usb_remote_open(void)

GetProcAddresses{&hLib, "ADCBUIKUSE.dI 1", 4,
&0penDevice, "Openbevice”,
EWlritelse, "Write”,
&ReadUSB, "Read”,
iCloseUsE, "Clogse”

Openbevice{USB_JTAG_UID):
static void usb_remote_closelvoid)
CloseUSE( ):
;tatic int usb_read_pkt{char #+buf)
int sizes

ReadUSB( +buf, strilen{+bufl,
return size:

%size, 0x5000000%

}
static void usb_send_one_char(char +buf)
{

int size:

WriteUSB(buf, 1, &size, remote_timeout);

usb_remote.to_longname = "AE3Z2000 remote debusging via USE™S
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3.2 JTAG Packet Description

GDB #71& W& /el we} <3 2>9] 7 Al

2 W3 Hm) JTAGS T8 B =2 1 HEs ddd

t}. JTAG EE2 USBE 53 GDBEY-E d4 @ Wy

S B HEZ AY @ F de R wgsit <x

2>% EISC ZEAA7F #8 & & & o w37 2

o W& JTAG 97 A|REAE HolFEth TDIE JTAGY ¢

goln, TDOE &¥Holt}. EISC Z2AM7 8 & 5 gl

= gye n% oAl 7Aoo, Z+zE Break, Resume, Step

Execution, Register Read, Register Write©]t}.
JTAGS. 255 Break TDI ¢#(100101)& o, EISC

ZZ MM instruction fetchE 3314 &l 7] AEj7)
Hr} o] wf, Resume TDI $1¥(100111)& oW, breakpoint
TC =

AR 28 73 PCylel 28 wW7bA| Break TDI ¢
e s w7k 23S A3%t) Break JEI EISC
Z 2 A A7} Step Execution TDI ¢} #(101001)S wrow &
U9 instructione fetchdltxl A3 3 tha] tir] Ae7}
A},

EISCZZAAE JTAGES E3 Hd 1079 d%d @A

aT,

LR

(o= 2) UsB ¢l
wrappergts

ElElo| &8 ARESH| 9 |2t % GDB

2H 9 e dAY £ 4 Ut Register Read?] 4% TDI
fF1 11100 / #A2=H WE / 9ol dA&H dA2EHY
M/ AAZEY MEX 32-zeros / 00001 & FAEH,

A7 T GDBE OpenDevice®-2 s%3k0] USB t]u} TDO®| 74 18-zeros / @A 2=E <] Ho[E / 000022
o)~ AMES AJFETh GDBAA AL FAE7] e A 4t Register Write®] 7% TDI #Z1& 11101 / @A~
23l 345 ush_read pkto]™, o] 4= ReadUSB 34 Bl Wz /) dsE dARHY A/ dAAE e ol /
2 3%l w3, GDB wWHo uwel AxE e 000012 FAHEW, HA2EH 2771 g8 HAH (22+H A~
WiiteUSB @8 58 Stk (18 2eMe & Ae % X 32)zeros® TDORA AFAh.
wAE $4 @ o AEstE ¥ usb_send_one_charel A
WriteUSB & S&3t= 2SS HolFt
(I 2 EISC ZZ2MIAM O St JTAG T2
Processor JTAG Module Packet Sequence
Command
' Rl R TDI
Break
[e]e]e]e]o o] <[ TDO]
. ' CICIEN
esume
[eJoJo]e o]
Step E ti I nnnn I
ep rxecution
[eToJeJeJo]o]
ﬁ 1[1]o]o] reg adariz:0] | beat[s:o] | 32 zeros Jooe] 32 zeros [o]o]o]o n
Register Read Y\— (beat) x 32 zeros
[0]oJoJoJo]o] 8 zeros | 4zeros | REG data[31:0] e REG,, . data31:0] JO[0]0]0]
ﬁ 1[1Jo]1] regaddri7:0] [beati3:01] REG,, datai31:01 |ees| REG,,.,.., datai31:01 [0 [oJo o |}
Register Write
[oJoJoJoJo o] 8 zeros | 4 zeros | 32 zeros Joee| 32 zeros loJoJo]o]
L (beat) x 32 zeros
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3.3 GDB Command and JTAG TDI Packet

<# 3> GDB W®3 1] w GDB 7 dH, 1]
i, JTAG TDI #Z1& vehfal lvh GDBE EISC Z2A
Ak FAs AR 98 S\0BIH(CRC) HAE JTAG %

A%skal, JTAGEES Break TDIE %3], EISC

ZEAAMZE 7] 7t HEE gtk CRC & 16-bit 2ol
o] TAER xdHH, GDBIHAS F/541 & of o] ¥
BEE oEE sty AsiA Festth GDBY Continue
9} Step Execution W# 2] 49 JTAG 2E2 247 Resume
TDI®} Step Execution TDIE EISCEZZA|AM = A3t}

EISC Z2AAM9 KE Eﬂ’q’\ﬁﬂ %m‘*o‘ $171 %5}01
GDB% $g#(CRC) A& JTAG EE=2 %3t} EISC X
ZAME] BA2H= 5 2770 Ol‘ji JTAG RES Register
Read TDIE Al ¥ AFdth 1 & EISC ZRA|A=HH
we A S TDO HZ o 2RYH #A~H #es FEIT F
2109 UA=H #%& GDBE &g},

EISC Z2AME JTAGS B8 v=ZgE %
Al el B4 AR 2E7E Atk RR2E HHAS ¢
g PRz, MRl HolEE R33E %311
< & o 3 R Aste Wz dlolge Aol
H7/27E ZAEESY] A% dALEHolt 4-byte WEE
E o] Qs Al Al TDIF Zasid. A WAl TDIE
R32e] wlxE]e] ojegxE 2 sjzlelw, F WA TDIe
R34l HEE doJEHE 2% djzlo|rh wpx2o g R33 9
#e dod, Hstuz s o=z e & 5 3
th v, mEE e dolHE £TthH, R33 1 HolHE
Register write TDIE %3] 2% #Hu}h

3t=9o] breakpoint®t watchpointS #1¥3t7] 938l EISC
Z2AAME 879 A AEE A Y3 breakpoint A
2E]9] 7 Register write TDIES %3] WHolo] 4 3 &
= dolg e H®e F4 e A4 & 4 Ut} Breakpoint

$ ae32000-elf-gdb pharos_test.elf

GNU gdbh 6.8

Copyright (C)> 28088 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org-/licenses-gpl.html
This is free software: you are free to change and redistrihute it.

There is NO WARRANIY, to the extent permitted by law. Type “show copying"
land “show warranty” for details.

This GDB was configured as "—host=ib86-pc—cyguin ——target-ae320@0-elf"...
(gdb} tar ush-remote
GDB remote target USB-JTAG open
Load DLL and hind
Let’s Open Bxi6
Opend
USB—start-remote
Sending packet:5W831#19. . _Ac
Packet received: OK
Sending packet:$?#3f...Ac
Packet received: SB5
Sending packet:$Hc—1#89. . _Ac
Packet received: OK
Sending packet:$qCltb4...Ac
Packet received: OK
Sending packet:5HgBHAE .. .Ac
Packet received: OK
Sending packet:Sgle
Packet received: B0B2B0B0B0A3 B0EDE0E180I
|A08 0B0BBBRY BEOBOE B0BcBOBBENA]HDEDE0E: BOAOI
|f 0A0BOPBBEBAEBENREOE a BOBOBOBERBAde 36 £ £ £ £ B01080C!
at ..
1di ¥
urrent language: auto; cuuently asm
<gdbh> b main

L= watchpoint’} A=l A& AF, EISC Z2AA+=
breakpoint9] 29} PC#ol S w F+= watchpoint9]
OlEI7} MAHNS W, break El7} HH JTAG REZ 9
A9l break A=~ HE3th GDBE W4 w2 o=g
29 ge EUE, gqHd FUd L gdo X E 7t
A et

L

4. 78 Ay

(28 4% uu4 9= w2 GDB, JTAG &¥, EISC
Z2AA TS vEa vk 19 3 1" 49 5%
S 7|ko & Cygwin #7494 GDBE A8 % EISC A~
g5 guJdshs sdo|t EISC Bl RE=+E JTAG U
7 Rew Fguo] glow JTAGS & A% e ¥

< 3) GDB H&doi| w2 GDB 12! HEHet JTAG TDI 1zl

GDB Command GDB packet JTAG TDI packet
Connection Establish $\031#(CRC) 100101
Continue $cH(CRC) 100111
Step Execute $s#(CRC) 101001
All Register Read $e#(CRC) 11100 / 00000000 / 1010 / 32 X 10 zeros / 0001
11100 / 00001010 / 1010 / 32 X 10 zeros / 0001
11100 / 00010100 / 0111 / 32 X 7 zeros / 0001
Register Write $P(register num)=(data)#(CRC) 11101 / register num / 0001 / data / 0001
Memory Read $m(addr),(length)#(CRC) 11101 / 0x20 / 0001 / addr / 0001
11101 / 0x22 / 0001 / 0x21(length=4) / 0001
11100 / 0x21 / 0001 / data / 0001
Memory Write $X(addr),(length):(data)#(CRC) 11101 / 0x20 / 0001 / addr / 0001
11101 / 0x21 / 0001 / data / 0001
11101 / 0x22 / 0001 / 0x29(length=4) / 0001
Insert Breakpoint $71,(addr),(length) #(CRC) 11101 / Breakpoint register num / 0001 / addr / 0001
Remove Breakpoint $z1,(addr) ,(length) #(CRC) 11101 / Breakpoint register num / 0001 / 32 zeros / 0001
Insert Watchpoint $72,(addr),(length) #(CRC) 11101 / Watchpoint register num / 0001 / addr / 0001
Remove Watchpoint $22,(addr) ,(length) #(CRC) 11101 / Watchpoint register num / 0001 / 32 zeros / 0001
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User €U > GDB < > JTAG 2= < » EISC Processor
ser usB JTAG 1/0
Start GDB Command Interface
]
v Connection
target usb_remote Load USB 1/O DLL Establishment
Open USB device
WriteUSB TDI(Break)
Send WO031 packet eeesesee Receive W031 packet ssweeeseeseeeeeeed  Processor Break
) ReaduSB ) TDO
Receive ‘OK’ packet eessssesesee  Send ‘OK’ paCket — eesssesseccsceee Send 6-zeros
M WriteUSB e, TDI
Send ‘g’ packet =P Receive ‘g’ packet —=—--—3p  Processor Break
(Register Read)
; i ReadUSB
rg{gigteé\r/edséxiga cEgt -~ Send register data 4—-19-9-—-- Send register value
\ 4 Application
; ; WriteUSB ) Debuggin
Usigr?qen:)z%%mg Packaert]dgzr;ijtlon > Packet processing ......TD|..> aging
. ReadUSB . DO
Print result eeseccneeeee  TDO Processing  eeessessesees
v WriteUSB Finish
Exit GDB Send 'k’ packet — ssssseseeeg  Receive k' packet Reset
o ReadUSB o,
Receive ‘OK’ packet «eeesssee=e=--- Send OK’ packet
Close USB device
(32! 4) OjHd Mol mZ GDB, JTAG 2&, EISC ZEMAe =&t
& S @ b o] gtk 4, BA gy AREe W s Axsg AuRed v Ae o 848
usb-remote® AAT A& & + vt GDBE USB /O AT 7 & Aotk
DLLE 293¢ & USB dHle]2~& OpendtSith A4E& 3
galrl g8, 71w AAS A5F ¥, u}xwoz S s 0= s
gdagEd
WS AEsle] EISC T2AAMY BE HAXEH #HS ¢
°of & s & 2 F stk [1] IEEE Std 1149.1, IEEE Standard Test Access Port and
Boundary-Scan Architecture, IEEE Computer Society, New
5.8 B2 York, 1993.
[2] EISC (Extendable Instruction Set Computer). http://www.
Aeld BEATS APl GDBE A& Aloko] glo ade.cokr
= JTAG RES B3 e Erls st o2 2 [3] GDB. http://www.gnu.org/software/gdb
7] 98te], o] lc_t;oﬂ;q: GDBoll A USB 41 2 937] [4] o]z, AAXL “USB- JTAG Interface S O]%E”} EISC A
MEE A8l T 0}71 4% USB-JTAG Q1E|s]o] S, A1, A2 . 478, A, 20K 14
" - - (5] AAY, o] F2 “USB ol sfo] =5 o] &3 lo]E] Az
& At sk, ’
' . o ) S=mAEAEEs] =84, v, nob pp.
USB-JTAG Q8lslo] 28 A3 Um7y #4e Aeld 51558, 50004 o
o o = - , d 5¢
TS Apgss dng o wea 4l elg shesi. [6] BbgA A9dF AL A7), Y. “SoC TR} 974
3, JTAG TW7 =Eo] 43w ours AAge]Aqs QS S AN FA e P A ] B
o =2 o]las 1 34 Q
léSB JTAG €9 1*? olﬂj@ Hw7 el ey A, V. 12A, no. 7, pp583-588, 2005 124,
RS- o gl vl o Ol E] . .
ool A Aleksk A o= GDBAIM USB SUEFl ) x1paG Lid, JTAG-A Technical Overview, March 2003,
o8 AFsu, WAL BA}E JTAG RES AHgF
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